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a  b  s  t  r  a  c  t
The  practice  of  prawn  (Macrobrachium  rosenbergii)  farming  is  widespread  in  coastal  Bangladesh  due  to
favorable  biophysical  resources.  However,  export-oriented  prawn  farming  is particularly  vulnerable  to
climate  change  in  coastal  Bangladesh.  This  study  identiﬁed  different  climatic  variables,  including  salinity,
coastal  ﬂooding,  cyclone,  sea-level  rise,  water  temperature,  drought,  and  rainfall  have  profound  effects  on
prawn  farming  in  the  Bagerhat  area  of southwest  Bangladesh.  Considering  extreme  vulnerability  to  theeywords:
limate change
rawn farming
xpansion
daptation
effects  of climate  change  on  prawn  production,  one  of the  adaptation  strategies  is  to  translocate  prawn
culture  from  coastal  to inland  (i.e.,  Bagerhat–Gopalganj)  that  appear  less  vulnerable  to  climate  change.
Although  the  prospects  for prawn–carp  polyculture  and  integrated  prawn–ﬁsh–rice  farming  are  positive
in  Gopalganj,  a number  of challenges  were  identiﬁed  for  the  expansion  of  prawn  culture.  We  suggest  that
institutional  support  would  help  to adopt  prawn  production.
ublisangladesh ©  2015  The  Authors.  P
. Introduction
Bangladesh is one of the most suitable countries in the world for
reshwater prawn (Macrobrachium rosenbergii)1 farming, because
f its favorable biophysical resources (Ahmed et al., 2008). The prac-
ice of prawn farming is widespread in coastal Bangladesh due to
he availability of wild postlarvae2 (Ahmed et al., 2010a). A con-
iderable area of shallow water bodies provides an opportunity for
rawn production. The total prawn culture area was  estimated to
e 65,221 ha. Over 75% of the culture area is located in southwest
angladesh with the remainder in the southeast. The total prawn
ulture production in Bangladesh was estimated at 43,713 tons
n 2012–20133, an average annual productivity was  670 kg ha−1
FRSS, 2014). Prawn farming in Bangladesh has diversiﬁed liveli-
ood opportunities for the coastal poor, with over 833,000 farmers
re involved in prawn and shrimp4 production (DoF, 2014).
∗ Corresponding author.
E-mail addresses: nesara@umich.edu, nesar 2000@yahoo.com (N. Ahmed).
1 Freshwater prawn is a catadromous species that hatch or born in marine habitats
nd migrate to freshwater areas.
2 The term “postlarvae” usually applies to animals from the time of metamorpho-
is  up to about 60 days later. Postlarvae and fry are interchangeably used in this
aper.
3 Bangladesh ﬁscal year: 01 July–30 June.
4 The term “prawn” is used for freshwater species and “shrimp” for marine and
altwater organisms. Statistics often do not distinguish between prawn and shrimp
n  Bangladesh.
ttp://dx.doi.org/10.1016/j.aqrep.2015.08.001
352-5134/© 2015 The Authors. Published by Elsevier B.V. This is an open access article 
/).hed  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Over the last three decades, the development of prawn and
shrimp farming has attracted considerable attention due to export
potential in global market, particularly the European Union (EU)
and the United States of America (USA). In 2012–2013, Bangladesh
exported 43,953 tons of prawn and shrimp valued at US$396 mil-
lion, of which US$92 million (23%) was  prawn (FRSS, 2014). As a
whole, the sector is the 2nd largest export industry after readymade
garments. Overall, prawn and shrimp production play an important
role in the economy of Bangladesh, contributing to export earnings,
food production, livelihood opportunities, and poverty alleviation
(Ahmed, 2013a).
However, climate change has been identiﬁed as a threat to fresh-
water prawn farming that could have severe effects on export
earnings and overall consequences for the economy of Bangladesh
(Ahmed, 2013a; Ahmed et al., 2013). Bangladesh is a global hotspot
for climate change. According to the global climate risk index,
Bangladesh was  ranked 1st in 2012 among countries vulnerable
to climate change while it is ranked 6th in 2015 (Harmeling and
Eckstein, 2012; Kreft et al., 2014). Considering extreme vulnera-
bility of prawn farming to the effects of climate change, adaptation
strategies must be developed to cope with the challenges. Adapting
prawn farming to climate change, however, requires a combination
of strategies and policies. Although community-based adapta-
tion strategies have been suggested to cope with the challenges
(Ahmed et al., 2014), one important strategy is translocation5 of
5 “Translocation” and “expansion” are interchangeably used in this article.
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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rawn farming from coastal to inland areas that are less vul-
erable to climate change. A few advanced farmers have started
he mixed culture of prawn and shrimp in coastal Bangladesh
ecause of increased water salinity (Ahmed, 2013a). Nevertheless,
hrimp farming in coastal Bangladesh has also been accompa-
ied by recent concerns over climate change (Ahmed and Diana,
015). Community-based adaptation strategies may  help existing
rawn farmers to adapt climate change in coastal Bangladesh, while
xpansion of prawn farming would increase or maintain prawn
roduction as well as export earnings in Bangladesh.
This paper examines the impacts of climate change on prawn
arming in coastal Bangladesh. It also identiﬁes the opportunities
nd challenges for translocation of prawn farming from coastal to
nland. The aim of this paper is to highlight key issues for expansion
f prawn farming.
. Study area and data collection
.1. Study site
The initial study was conducted in the Bagerhat6 district of
outhwest Bangladesh (Fig. 1), a coastal area of the Bay of Ben-
al. Remarkable development of prawn farming has taken place
n Bagerhat where thousands of farmers have converted their rice
elds to prawn farms, locally known as “gher”. The practice of
rawn and ﬁsh (mainly carp) farming in rice ﬁelds, combined
ith high prices for prawn in the international market, and rice
nd ﬁsh for household consumption and local market, has led to
n increasing number of farmers utilizing this method (Ahmed
t al., 2008). Although prawn farming practice is still extensive and
mproved-extensive, an increasing number of farmers are practic-
ng high-input (fry, feed, fertilizer) semi-intensive production. The
eak season of prawn farming is from April to November, a culture
eriod of around 6–8 months. Farmers cultivate monsoon season
6 Bagerhat district is divided into 9 sub-districts, among them 5 northern sub-
istricts are important for freshwater prawn farming while 4 southern sub-districts
re promising for saltwater shrimp farming.reas of Bagerhat and Gopalganj districts.
rice during May  to August when prawn and ﬁsh are in the rice ﬁeld.
The average annual yield of prawn, ﬁsh, and rice were estimated at
467, 986, and 2257 kg ha−1, respectively (Ahmed et al., 2010a). In
spite of promising conditions for prawn farming, Bagerhat is one of
the most disaster-prone areas in Bangladesh due to climate change.
Thus, Gopalganj district was also selected for this study to expand
prawn farming which is located outside of the coastal boundary
(Fig. 1).
2.2. Climate change: Threats to coastal Bangladesh
The coastal region of Bangladesh is subject to seasonal changes
in climatic conditions. There is an increasing risk from a com-
bination of climatic variables, including: (1) coastal ﬂooding, (2)
cyclone, (3) drought, (4) rainfall, (5) salinity, (6) sea-level rise, and
(7) sea surface temperature (Ahmed et al., 2013).
Bangladesh is a ﬂood-prone country with one-ﬁfth of the
country normally ﬂooded each year. Over 35% of the country
is submerged during extreme ﬂoods, and since independence
(1971) there have been seven extreme ﬂoods (Ahasan et al., 2010;
Banerjee, 2010). Coastal ﬂooding is common in Bangladesh due to
high river discharge, low drainage capacity, and backwater effects
with tidal surges from the Bay of Bengal. Around 14.6 million people
in coastal Bangladesh are vulnerable to inundation due to cyclonic
surges, and this number will increase to 18.5 million by 2050
(World Bank, 2012). About 5690 km2 area in coastal Bangladesh
has been identiﬁed as a high-risk zone where ﬂood of depth over
1 m might occur (Karim and Mimura, 2008).
Coastal Bangladesh is prone to violent storms and tropical
cyclones which originate in the Indian Ocean and track through
the Bay of Bengal. Between 1877 and 1995, Bangladesh was hit
by 154 cyclones, including 43 severe cyclones (Dasgupta et al.,
2011). On average, a severe cyclone hits the country every three
years (GoB, 2009). Cyclones pose a great threat to lives and proper-
ties in coastal Bangladesh. A cyclone in 1970 resulted in the death
of around 300,000 people, and another in 1991 caused 138,000
deaths (World Bank, 2000). In November 2007, the coastal region of
Bangladesh was  affected by tropical cyclone Sidr and 3406 people
died with economic losses of US$1.67 billion (GoB, 2008). In May
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008, cyclone Nargis devastated coastal life in Bangladesh. In April
009, cyclone Bijli veered away from the southern coast. After a
onth (May 2009), cyclone Aila slammed into coastal Bangladesh
nd 190 people died with economic losses of US$270 million
Dasgupta et al., 2011). In May  2013, cyclone Mahasen struck the
outhern coast of Bangladesh and forced the evacuation of over one
illion people.
The climate of coastal Bangladesh is characterized by drought in
he dry season. Seasonal drought caused by irregular rainfall that
s common in coastal Bangladesh, and the frequency of droughts
as recently increased due to climate change. Drought is associ-
ted with lack of precipitation and high temperatures (Trenberth,
008). Global warming accelerates the drying of land-surface as
eat increases evaporation of moisture with the risk of drought (Dai
t al., 2004). An El Nin˜o7 event with strong warming can cause the
onsoon to switch into a dry mode, resulting signiﬁcant reductions
n rainfall and severe droughts (Conway and Waage, 2010).
Rainfall variation has increased the risk of both ﬂood and
rought in coastal Bangladesh. Bangladesh falls in the region of
uge rainfall as the country is situated in the monsoon belt with
he Himalayas in the north and the Bay of Bengal in the south.
eavy rainfall has made Bangladesh as one of the world’s wettest
ountries. Bangladesh is called a “land of rivers” as the country
s endowed with over 700 rivers. Annual rainfall in Bangladesh
aries from 1400 mm in the west to 4300 mm in the east, with 80%
ccurring between May  and September. The average annual rain-
all in Bangladesh increased at a rate of 5.52 mm from 1958 to 2007
Shahid, 2010). It is predicted that monsoon rainfall will increase
bout 10–15% by 2030 (Jakobsen et al., 2005).
Saltwater intrusion is an increasing problem in coastal
angladesh. Sea-level rise, storm surges, and upstream withdrawal
f freshwater are likely to play a critical role in increasing salin-
ty. Saltwater from the Bay of Bengal has already extended over
00 km in coastal Bangladesh (Allison et al., 2003). The salinity has
ecently increased in coastal rivers to 4 ppt in the monsoon and
3 ppt in the dry season (Khan et al., 2011). About 1.05 million ha
f land in coastal Bangladesh has been affected by soil and water
alinity (Sikder, 2013), which is predicted to increase two million
a by 2050 (Conway and Waage, 2010).
Coastal Bangladesh is vulnerable to sea-level rise due to global
arming and glacier melting in the Himalayas (Singh, 2001).
angladesh is one of the largest deltas in the world which lies
ust less than 2 m above sea-level. Sea-level appears to be rising by
5.9–17.2 mm each year in coastal Bangladesh (Schiermeier, 2014),
hile global sea-level rises 2–3 mm each year (Pethick and Orford,
013). Lives and properties along the Bay of Bengal are endangered
y sea-level rise as the country has a 710 km long coastline (DoF,
014). Sea-level rise will cause millions of people to be homeless
Dasgupta et al., 2010). Sea-level could rise 1 m by 2100 (Rahmstorf,
007), and such a rise would affect coastal Bangladesh, with the
undarbans mangrove forest8 totally lost (Agrawala et al., 2003).
Sea surface temperature in the Bay of Bengal increased from
.20 to 0.46 ◦C at day and 0.30 to 0.48 ◦C at night between 1985
nd 2009. Sea surface temperature in the Bay of Bengal is pre-
icted to increase from 0.35 to 0.72 ◦C at day and 0.50 to 0.80 ◦C
t night by 2050 (Chowdhury et al., 2012). Sea surface tempera-
ure in the Bay of Bengal is increasing more rapidly than in the
lobal oceans. Global sea surface temperature is about 1 ◦C higher
7 El Nin˜o is the warm phase of the El Nin˜o Southern Oscillation (also called ENSO),
efers to the cycle of warm temperatures that occurs across the Tropical Paciﬁc
cean. It is characterized by prolonged warming in the Paciﬁc Ocean sea surface
emperatures.
8 The Sundarbans is the largest mangrove forest in the world, located along the
outh of the Bay of Bengal between Bangladesh and India.e Reports 2 (2015) 67–76 69
now than 140 years ago (Dailidiene et al., 2011). Global warming
as well as greenhouse effect leads to higher sea surface tempera-
ture (Dasgupta et al., 2011). Because of declining ﬁsh populations,
increased sea surface temperature in the Bay of Bengal is likely to
affect 3.5 million households of ﬁshers (Chowdhury et al., 2012).
2.3. Field survey
Field research was conducted for a period of six months from
July to December 2013. A combination of participatory, qualitative,
and quantitative methods was  used for primary data collection,
including: (1) questionnaire interviews, (2) focus group discussions
(FGD), (3) key informant interviews, and (4) analytical hierarchy
process (AHP). Different methods were used for triangulation9 in
data collection.
Questionnaire interviews with prawn farmers were preceded by
preparation of a questionnaire, training of enumerators (two ﬁsh-
eries graduates from Bangladesh Agricultural University), and pilot
testing of the interview. For face-to-face questionnaire interviews,
100 prawn farmers were selected in Subhadia union of Fakirhat
sub-district under Bagerhat district. Around 2000 farmers are prac-
ticing prawn culture in this union. The assumed proportion used
for determining sample size is 0.4 with conﬁdence level of 90% and
error limit of 10%, i.e., sample size 100 from 2000 population is
acceptable. Several visits were made to surveyed farms to identify
the impacts of climate change on prawn culture. Prawn farmers
were interviewed at farm sites, which lasted about an hour on aver-
age, focused on ranking of climatic variables those affect prawn
farming, impacts of climatic variables on prawn culture, ecological
effects on prawn farms, and consequences on production.
FGD were conducted with ﬁsh farmers in Gopalganj Sadar to
obtain information regarding their attitudes towards prawn farm-
ing. The advantage of FGD over other methods is that it allows wider
participation of the community, therefore information collected is
likely to be accurate. A total of 147 farmers participated in 15 FGD
sessions, where each group consisted of 6–12 people. FGD sessions
lasted about two hours, and were held under large trees, in farmers’
houses, and on school premises.
Validation of the information collected was undertaken through
cross-check interviews with key informants who are believed to
hold special knowledge about the impacts of climate change on
prawn farming, and are expected to be able to answer questions
about opportunities and challenges for translocation of prawn
farming. Cross-check interviews were conducted with govern-
ment ﬁsheries ofﬁcers, researchers, policymakers, and relevant
non-governmental organization (NGO) workers. A total of 30 key
informants were interviewed in their ofﬁces and working ﬁelds.
The AHP was applied to assess the relative impacts of climate
change on prawn farming as well as opportunities and challenges
for expansion of prawn culture to a new area. The AHP is a multi-
criteria decision-making approach introduced by Saaty (1990) that
has been using in aquaculture development (Salam et al., 2005;
Hossain et al., 2007). It is an effective method for combining quan-
titative and qualitative information for the purposes of planning,
priority setting, resource allocation, and decision-making (Saaty,
1999). The criteria of AHP were developed based on questionnaire
survey, FGD, and key informant interviews. In order to differenti-
ate the importance of criteria, pair-wise comparison matrix at each
level of hierarchy was  applied by relative rating. Rating of criteria
was determined by the judgment of key informants. The rating scale
was between 1 and 5, where 1 is equal importance (two elements
contribute equally to the objective), 2 is moderate importance
9 Triangulation is a technique that facilitates validation of data by using two  or
more data collection methods.
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judgment slightly favors one element over another), 3 is strong
mportance (judgment strongly favors one element over another),
 is very strong importance, and 5 is extreme importance. The rel-
tive rating is systematically scored as the most important (5–1)
r the least important (1/5, 1/4, 1/3, 1/2, 1). Results from the AHP,
n combination with information collected through other methods,
ere used to describe impacts of climate change on prawn farm-
ng as well as opportunities and challenges for expansion of prawn
ulture to a new area.
. Impacts of climate change on prawn farming
Climate change has dramatic effects on prawn farming in the
tudy area. The impacts of climate change on prawn culture have
een characterized by different climatic variables. The pair-wise
omparison matrix indicates that salinity is the most signiﬁcant
limatic variable that affects prawn farming, followed by coastal
ooding, cyclone, sea-level rise, water temperature, drought, and
ainfall (Table 1).
All surveyed farmers expressed concern about the effects of dif-
erent climatic variables on prawn farming. The majority of farmers
62%) identiﬁed that different climatic variables have increased
he risk of prawn culture, while 21% and 17% reported that cli-
ate change has reduced production and decreased proﬁtability,
espectively (Table 2). It has been reported by farmers that different
limatic variables could severely affect future prawn production.
All identiﬁed climatic variables have severe effects on the
cosystem of prawn farms. Prawn is highly sensitive to ecologi-
al conditions and changes in ecosystem have profound impacts
n their survival, growth, and production (Fig. 2). The following
ections describe how different climatic variables have effects on
cological conditions of prawn farms and consequences on produc-
ion.
.1. Salinity
Most surveyed farmers (97%) expressed concern about water
alinity that has led to change in the physical environment of
rawn farms which is slowly poisoning freshwater organisms.
ncreased salinity has had an adverse impact on the ecosystem
f prawn farms, and thus, reduced the availability of aquatic ﬂora
nd fauna, including crabs, ﬁsh, frogs, mollusks, snails, and turtles.
he ecosystem of prawn farms is becoming increasingly threat-
ned by loss of aquatic biodiversity which plays an important role
n maintaining ecosystem services and resilience to climate change
Brander, 2007). Rice and ﬁsh production has signiﬁcantly reduced
n prawn farming communities because of soil and water saliniza-
ion. Increased water salinity has also resulted in higher mortality of
ostlarvae, and thus, affecting prawn production. Increased water
alinity has increased the prevalence of prawn diseases. A wide
ariety of diseases were reported by farmers, including black spot,
hite spot, body color, gill disease, and tail rot. In spite of envi-
onmental constraints, a few farmers suggested that saltwater
ntrusion into farms could provide opportunity for shrimp produc-
ion.
.2. Coastal ﬂooding
Prawn culture is extremely vulnerable to coastal ﬂooding as
udden or prolonged ﬂoods often damage prawn farms. Most farm-
rs (83%) reported that total or partial harvests of prawn often fail
ue to coastal ﬂooding. Preventing the escape of prawn is difﬁcult
uring ﬂoods because of low and narrow dikes. Floods also allow
redatory ﬁsh with diseases and parasites in prawn farms. Water
uality is also affected by coastal ﬂooding due to contamination
ith toxic substances and land-based pollutants. Prawn postlarvaere Reports 2 (2015) 67–76
are highly sensitive to water quality and any changes in water qual-
ity affect their survival and growth, resulting in an overall loss of
prawn production. According to key informants, coastal ﬂooding
often increases soil erosion and water turbidity that decrease light
penetration which in turn hinders photosynthesis and causes lower
dissolved oxygen. Prawn has high oxygen demand and the reduc-
tion of oxygen below 5 ppm is likely to increase mortality (New,
2002). Rapid oxygen depletion can result in declining plankton
species richness that hinder ecological interactions among biotic
and abiotic components (Harley et al., 2006).
3.3. Cyclone
Cyclones with tidal surges devastate prawn farms as most
cyclones often occur during the peak season of prawn culture. The
vast majority of farmers (78%) reported that the physical condi-
tions of prawn farms have been altered due to cyclones. A huge
volume of debris, trash, and dead organisms is washed into prawn
farms by cyclones. Water quality of prawn farms deteriorates after
cyclones because of the decomposition of dead organisms, and
thus, the dissolved oxygen level sharply declines. According to
key informants, deteriorating water quality of prawn farms as a
result of water pollution by organic matter has detrimental effects
on aquatic ecosystems. Changes in sedimentation of prawn farms
by tidal surges could affect ecosystem process (Collinge, 2010).
Widespread ecological changes in prawn farms by cyclones have
severe effects on growth and production of prawn. Cyclones also
destroy roads, communications, and electriﬁcations for a period
lasting from a week to few weeks that affect prawn marketing,
processing, and exporting.
3.4. Sea-level rise
Sea-level rise is likely to have a detrimental effect on prawn
production. During ﬁeld visits, it was  observed that sea-level rise
has already affected prawn farms. About 71% of farmers reported
that sea-level rise damages ecosystem of prawn farms because of
accelerating coastal erosion and waterlogged conditions. Benthic
organisms in prawn farms could be affected by sea-level rise that
may  have considerable impacts on ecosystem functions. Moreover,
ecosystem functions of prawn farms may  be severely affected by
sea-level rise that increase CO2 emission and decrease pH (Harley
et al., 2006). Most key informants reported that sea-level rise has
affected the Sundarbans mangrove forest which is an important
feeding, breeding, and nursery grounds for prawn. If Sundarbans
is partially lost due to sea-level rise, it will cause imbalance in
the mangrove ecosystem, severely affect the population of prawn.
Changes in mangrove ecosystem may  shift breeding season and
success of breeding for prawn, thus reducing availability of wild
postlarvae (Ahmed et al., 2013).
3.5. Water temperature
Water temperature of prawn farms may  have increased in recent
years as a result of global warming as well as increased sea surface
temperature. The majority of farmers (56%) reported that summer
water temperatures may  have increased 1–2 ◦C in recent years as
they often feel worse dehydration while working in prawn farms.
According to key informants, increased water temperature may
reduce dissolved oxygen level and increase toxicity of prawn farms
that could affect ecosystem functions. Changes in water temper-
ature often cause stratiﬁcation and less nutrient enrichment to
surface waters, thus less primary productivity (Harley et al., 2006).
As a result of inadequate nutrients, changes in water temperature
could lead to reduce growth of prawn. Stop feeding by prawn is one
of the stresses by increased water temperature. During ﬁeld vis-
N. Ahmed, J.S. Diana / Aquaculture Reports 2 (2015) 67–76 71
Table  1
Pair-wise comparison matrix by AHP to assess relative importance for the impacts of climate change on prawn farming in Bagerhat (numbers show rating of the row factor
relative to the column factor).
Climatic variable (in order to rank) Salinity Coastal ﬂooding Cyclone Sea-level rise Water temperature Drought Rainfall Geometric mean Weighta
Salinity 1 2 3 4 5 5 5 3.1386 0.3381
Coastal ﬂooding 1/2 1 2 3 4 4 5 2.1879 0.2357
Cyclone 1/3 1/2 1 2 3 4 5 1.5319 0.1650
Sea-level rise 1/4 1/3 1/2 1 2 3 4 0.9986 0.1076
Water temperature 1/5 1/4 1/3 1/2 1 2 3 0.6509 0.0701
Drought 1/5 1/4 1/4 1/3 1/2 1 2 0.4564 0.0492
Rainfall 1/5 1/5 1/5 1/4 1/3 1/2 1 0.3182 0.0343
a Geometric mean of each factor/total geometric mean of all factors; total weight for all factors is 1.
Table 2
Ranking of climatic variables those affect prawn farming with their impacts on prawn production in Bagerhat, as perceived by farmers using questionnaire interviews
(n  = 100).
Climatic variable (in order to rank) Response rate Impact (response rate) Attribute
Salinity 97% Increased risk (62%) • Physical damage to prawn farms
•  Deteriorated water quality
•  Disease outbreaks
Coastal 83%
ﬂooding
Cyclone 78% Reduced production
(21%)
• Mortality of fry and prawn
•  Reduced feeding rate
• Affect growth and production
Sea-level rise 71%
Water 56%
temperature Decreased proﬁtability
(17%)
• Early harvesting of undersized prawn
•  Disﬁgure and discolor of prawn
• Transport and marketing difﬁculties
Drought 42%
Rainfall 37%
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DFig. 2. Ecological effects and impact on prawn pr
ts, it was observed that seasonal increase in water temperatures
auses death of postlarvae. Prawn postlarvae are very sensitive to
ater temperature and 28–31 ◦C is suitable for postlarvae, over
3 ◦C usually causes high mortality (New, 2002). Increased water
emperature may  also increase prawn diseases (Alborali, 2006).
.6. Drought
Drought seriously affects prawn production because of the lack
f water to grow prawn. Drought has recently increased in the study
rea due to successive seasons with low rainfall. About 42% of farm-
rs reported that severe or prolonged droughts often result in a
hort culture period for prawn when they become more crowded
nd stressed in low volume of water. According to key informants,
rought also increased concentration of waste metabolites, includ-
ng ammonia, carbon dioxide, and nitrites that can irreversibly alter
he ecosystem of prawn farms, and thus, affect growth of prawn.
rought has severe consequences for the ecosystem of prawn farmsion by climatic variables (based on ﬁeld survey).
as drought reduces water ﬂows, and thus, reduces oxygen level and
primary productivity. Reduction in primary productivity caused
by drought could turn temperate ecosystems into carbon sources
(Ciais et al., 2005). A major drought effect is the reduction of pho-
tosynthesis that can have impacts on carbon balance (Rocha and
Goulden, 2010).
3.7. Rainfall
Rainfall variation has an adverse effect on prawn production.
About 37% of farmers reported that heavy rainfall often causes
physical damage to farms and prawn crawling over dikes during
heavy rain. Intense rainfall causes turbidity that may have detri-
mental effects on the ecosystem of prawn farms. According to
key informants, water turbidity reduces sunlight penetration into
water and inhibits oxygen production by reducing photosynthesis
and primary productivity. Heavy rainfall often causes lower water
temperature that affects prawn growth and production. Lower
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versely, prawn farming could enhance environmental conditions
due to efﬁcient use of ponds and rice ﬁelds through maintaining
water quality and recycling nutrients. Prawn farming in ponds and2 N. Ahmed, J.S. Diana / Aqua
ater temperature affects the recruitment of prawn as warmer
onditions are suitable for recruitment. Below 24 ◦C water tem-
erature could affect the growth of postlarvae, and thus, require
ore time for them to reach metamorphosis (New, 2002). Prawn
arketing is a problem during rainy days because of poor road and
ransport facilities as coastal remote areas still face accessibility
roblems.
. Opportunities for expansion of prawn farming
There are great opportunities for expansion of prawn farm-
ng from Bagerhat to Gopalganj. The pair-wise comparison matrix
dentiﬁed that favorable biophysical resources was ranked ﬁrst
mong opportunities, followed by aquaculture practices, access to
rawn fry, available feed, prawn marketing, and eco-friendly farm-
ng (Table 3).
.1. Biophysical resources
Favorable biophysical resources and afﬁrmative agro-ecological
onditions can support ﬁsh farmers in Gopalganj to become
nvolved in prawn production. During ﬁeld visits, a considerable
rea consisting of ponds and rice ﬁelds was observed, which
rovides a great opportunity for prawn farming. Most surveyed
ouseholds have access to a pond or rice ﬁeld. Most ponds are sea-
onal as they contain water for 6–8 months from April to November.
ow-lying rice ﬁelds are also seasonal where water stands for about
–6 months during monsoon. The principal water sources for ponds
nd rice ﬁelds are rainfall and groundwater. The carrying capacities
f ponds and rice ﬁelds are not fully utilized, which provides scope
or increasing production through incorporating prawn. According
o key informants, usual rainfall, warm temperature, water qual-
ty, and favorable soil condition of ponds and rice ﬁelds make the
nvironment highly favorable for prawn culture in Gopalganj. The
uitability of prawn farming in ponds and rice ﬁelds is well recog-
ized in southwest Bangladesh (Ahmed et al., 2008, 2010a).
.2. Aquaculture practices
Fish farmers in Gopalganj have long been traditionally involved
n different aquaculture practices, including carp polyculture, cat-
sh culture, and tilapia farming. As prawn culture is quite similar
o other aquaculture practices, it should be simple for ﬁsh farmers
o be involved in prawn production. Prawn–carp polyculture and
ntegrated prawn–ﬁsh–rice farming can be performed to diversify
arming operations. The growth and yields of prawn do not appear
o be inﬂuenced by ﬁsh, and therefore, prawn–cum–ﬁsh culture is
echnically viable. The culture of prawn in combination with tilapia,
nd even catﬁsh, have also been successfully demonstrated (Uddin
t al., 2007; Islam et al., 2008). The socioeconomic conditions of ﬁsh
arming households in Gopalganj are well receptive and support-
ve for prawn culture. Family labor including women can also be
nvolved in small-scale prawn production as they are active care-
akers of ﬁsh in homestead ponds and they can play a key role in
ifferent stages of prawn culture operations (stocking, feeding, and
ertilization).
.3. Access to prawn fry
The expansion of prawn farming to Gopalganj would be con-
ingent upon the availability of prawn fry. Meeting the demand
or prawn fry could be achieved through supply of hatchery and
ild fry. There are currently 21 prawn hatcheries operational
n Bangladesh, producing over 33 million postlarvae annually
FRSS, 2014). However, the supply of prawn fry is not enough to
eet current demand, and thus, operation of hatcheries needs tore Reports 2 (2015) 67–76
be increased. According to key informants, a number of prawn
hatcheries could be established in Gopalganj. However, the suc-
cessful operation of prawn hatcheries requires access to seawater
as the larvae of M. rosenbergii require saltwater in the initial stages
of their life cycle (New, 2002). Prawn hatcheries in Gopalganj are
in reasonable proximity to the coastal area. In addition to hatch-
ery supply, wild-caught fry can easily be transported from coastal
areas to Gopalganj. The livelihoods of around 400,000 coastal poor
including women  are associated with postlarvae ﬁshing, although
it is banned10 in Bangladesh (Ahmed et al., 2010b).
4.4. Available feed
The translocation of prawn farming to Gopalganj requires an
adequate supply of prawn feeds. Different aquaculture practices
in Gopalganj do not face any shortages of ﬁsh feeds. Currently,
there are around 100 commercial feed companies in Bangladesh of
which 25–30 produce prawn feeds (Ahmed, 2013b). Industrially-
manufactured pelleted feeds and farm-made feeds (mixture of rice
bran, mustard oilcake, and ﬁshmeal) can easily be applied for prawn
production. Both types of feeds are commonly used for prawn
farming in southwest Bangladesh (Ahmed et al., 2010a). However,
commercial feeds are expensive, and thus, farm-made feeds can
be used in prawn culture by resource-poor farmers. Farm-made
feed ingredients are on-farm by-products for many ﬁsh farmers.
Most key informants suggested that locally available feeds would
support extensive and improved-extensive prawn farming while
commercial feeds are required for semi-intensive farming. In recent
years, an increasing number of farmers use commercial feeds to
enhance ﬁsh production.
4.5. Prawn marketing
The expansion of prawn farming to Gopalganj is strongly inﬂu-
enced by its economic viability. Prawn production in Gopalganj
could have broad potential in terms of economic returns because
prawn is a high-value product as well as export commodity. The
market price of prawn is signiﬁcantly higher than that of any other
freshwater ﬁsh species in Bangladesh. Presently, there is strong
demand for prawn in both domestic and export markets. There is an
existing domestic market for prawn in the capital city of Dhaka and
other commercial cities (Chittagong, Khulna) where hotels, motels,
and restaurants buy prawn. There is also excellent infrastructure
available to facilitate the export of prawn from Gopalganj, because
of the availability of processing facilities and export services in the
nearby Mongla port. There are 100 prawn and shrimp process-
ing plants in Bangladesh of which 75 are approved by the EU as
compliant with HACCP (Hazard Analysis and Critical Control Point)
guidelines (DoF, 2014). Although export markets for Bangladeshi
prawn have grown in volume and value over the decades, a good
reputation for quality will need to be maintained for international
markets.
4.6. Eco-friendly
The environmental impacts from small-scale prawn culture are
likely to be minor owing to low-input extensive farming. Con-10 In 2000, Bangladesh government imposed ban on wild postlarvae ﬁshing due
to  concern about high levels of by-catch. The ban has, however, not been ﬁrmly
enforced because of inadequate supply of hatchery fry and the lack of alternative
livelihoods for wild fry ﬁshers (Ahmed and Troell, 2010).
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Table  3
Pair-wise comparison matrix by AHP to assess relative importance for opportunities of prawn farming in Gopalganj (numbers show rating of the row factor relative to the
column  factor).
Opportunity (in order to rank) Biophysical
resources
Aquaculture
practices
Access to
prawn fry
Available feed Prawn
marketing
Eco-friendly Geometric mean Weighta
Biophysical resources 1 2 3 4 4 5 2.7982 0.3645
Aquaculture practices 1/2 1 2 3 5 4 1.9786 0.2577
Access to prawn fry 1/3 1/2 1 2 4 3 1.2578 0.1638
Available feed 1/4 1/3 1/2 1 3 2 0.7924 0.1032
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ice ﬁelds is also a form of sustainable intensiﬁcation, i.e., producing
ore food from the same area of land and water without environ-
ental impacts (Godfray et al., 2010). Integrated prawn–ﬁsh–rice
arming is ecologically sound which is regarded as integrated pest
anagement (Ahmed et al., 2010a). Ideally, prawn farming in ponds
nd rice ﬁelds results in increased diversiﬁcation, productivity, and
roﬁtability. In spite of eco-friendly prawn farming, attention must
e paid to protect snail populations and wetland ecosystems. Envi-
onmental concerns often appear from harvesting of snails to use as
rawn feed. Wetlands have also been used for prawn farming that
s likely to have negative impacts on wetland ecosystems (Ahmed
t al., 2008).
. Challenges for expansion of prawn farming
In spite of opportunities, a number of challenges were identiﬁed
hrough the pair-wise comparison matrix for expansion of prawn
arming to Gopalganj. The highest rank of challenge identiﬁed as
nadequate supply of prawn fry, followed by high production cost,
isease, lack of technical knowledge, and low production (Table 4).
.1. Inadequate supply of prawn fry
One of the major bottlenecks for translocation of prawn farming
o Gopalganj is the lack of prawn fry in terms of quality and quan-
ity. Although there are 81 prawn hatcheries in Bangladesh, only 21
re operational because most hatcheries faced several challenges,
ncluding inadequate skilled manpower, high mortality of post-
arvae, and an insufﬁcient supply of wild broodstock (Ahmed and
roell, 2010; FRSS, 2014). These factors cause inadequate supply
ith poor quality fry from many hatcheries. Although the quality
f wild fry is much better than that of hatchery fry, the demand
f wild fry is high in existing farming areas. Insufﬁcient supply
nd poor quality of prawn fry are, therefore, important constraints
or the expansion of prawn culture to Gopalganj. According to key
nformants, meeting the demand for postlarvae could be achieved
hrough the establishment of prawn hatcheries and fry nurseries.
echnical assistance can help for the nursing of postlarvae that
ould increase survival and growth rate.
.2. High production cost
Fish farmers in Gopalganj are unwilling to become involved in
rawn culture primarily because of high production costs. The cost
f prawn farming has increased signiﬁcantly in recent years as a
esult of the increasing costs of inputs. The price of prawn fry is
–3 times higher than that of ﬁsh fry as the supply of prawn fry
as not been able to meet the growing demand. The price of prawn
eed has also been rising steadily because of increase in demand
or widespread aquaculture practices in Bangladesh. Moreover, the
rice of fertilizers (urea and triple super phosphate) has increased
otably because of its widespread use in agriculture as well as aqua-
ulture. According to key informants, the proﬁtability of prawn1/3 1 2 0.4495 0.0586
1/2 1/2 1 0.4005 0.0522
l factors is 1.
culture is considerably higher than any other freshwater aqua-
culture systems. Despite the higher economic return from prawn
farming, high production costs have discouraged ﬁsh farmers in
Gopalganj from engaging in prawn culture. Financial assistance can
help for the expansion of prawn farming (Ahmed et al., 2010a).
5.3. Disease
Disease is one of the key constraints for the adoption of prawn
farming in Gopalganj. According to the survey, the risk of crop fail-
ure due to early mortality syndrome (EMS) has discouraged ﬁsh
farmers from engaging in prawn culture. In fact, the mortality of
prawn is signiﬁcantly higher than that of ﬁsh. Fish farmers are
not willingly taking risks by moving into prawn farming because
of prevalence of diseases that cause mortalities and also reduce
the value of harvested prawn through disﬁgurement. Disease out-
breaks contribute to ﬂuctuations in market prices and pose a
signiﬁcant threat to the economic viability of farm operations.
According to key informants, environmental factors such as poor
water quality and the presence of toxins are key causes for dis-
eases. A number of other interdependent factors are also concerned
for EMS  as well as disease outbreaks, including low quality fry,
inadequate feed application, nutritional deﬁciencies, and poor farm
management.
5.4. Inadequate technical knowledge
There is a serious concern about the ability of ﬁsh farmers in
Gopalganj to engage in prawn production due to a lack of techni-
cal knowledge. Many surveyed households reported that limited
understanding of prawn farming is a critical constraint. There
is considerable fear within ﬁsh farming communities regarding
risks of crop failure as a result of inadequate technical knowledge.
Prawn–ﬁsh polyculture requires technical knowledge about stock-
ing ratio, feed application, maintaining water quality, and farm
management. Integrated prawn–ﬁsh–rice farming also requires
skills and knowledge of water management as prawn and ﬁsh
require a minimum depth of water. Moreover, prawn farming in
rice ﬁelds is also associated with the risk of invasion of predatory
ﬁsh and escape of stocked ﬁsh. According to key informants, techni-
cal assistance and training on prawn farming could help to expand
prawn–ﬁsh polyculture and integrated prawn–ﬁsh–rice farming in
Gopalganj.
5.5. Low production
Many ﬁsh farmers are not taking risks to start prawn culture
due to low productivity. A number of ﬁsh farmers in Gopalganj that
previously experimented in prawn production reported they were
unwilling to become involved in prawn culture primarily because
of low production. Poor production and the probability of crop fail-
ure as perceived by the ﬁsh farmers have a profound inﬂuence
on decision-making. According to the survey, the average annual
74 N. Ahmed, J.S. Diana / Aquaculture Reports 2 (2015) 67–76
Table 4
Pair-wise comparison matrix by AHP to assess relative importance for different challenges of prawn farming in Gopalganj (numbers show rating of the row factor relative to
the  column factor).
Challenge (in order to rank) Inadequate fry supply High production cost Disease Lack of technical knowledge Low production Geometric mean Weighta
Inadequate fry supply 1 2 4 3 5 2.6052 0.4152
High  production cost 1/2 1 2 4 3 1.6438 0.2620
Disease 1/4 1/2 1 3 4 1.0845 0.1728
Lack  of technical knowledge 1/3 1/4 1/3 1 2 0.5587 0.0890
Low  production 1/5 1/3 1/4 1/2 1 0.3831 0.0610
a Geometric mean of each factor/total geometric mean of all factors; total weight for all factors is 1.
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roductivity of prawn (200–450 kg ha−1) is much lower than that
f ﬁsh (3000–5,000 kg ha−1), because of low-input farming sys-
ems. In fact, prawn yield can be increased by increasing culture
ntensity. Prawn productivity could be increased signiﬁcantly by
dding more inputs, but this would result in higher production
osts (Fig. 3). There is also concern that an increase in intensity
ight be limited by environmental concerns including water pol-
ution and eutrophication (Hall et al., 2011). Most key informants
uggested that extensive and improved-extensive prawn culture
ould be carried out in a new area due to lower production costs
nd environmental impacts are not excessive.
. Future thrust: Sustainable development
In spite of various challenges, the potential for prawn farming
n Gopalganj is positive but requires institutional support to meet
ocioeconomic, technical, and environmental processes. A num-
er of institutional factors were identiﬁed through the pair-wise
omparison matrix for sustainable development of prawn farming,
ncluding community awareness, extension service, training pro-
ram, credit support, and technical assistance (Table 5). Based on
anking of institutional factors, a conceptual framework was  devel-
ped to expand prawn farming in Gopalganj (Fig. 4). The horizontal
xis shows the expansion of prawn farming into new areas, while
he vertical axis represents culture intensity.
.1. Community awarenessPlanning at the household level is one of the key steps for the
ecision to initiate prawn farming which is often hampered by
ack of awareness. Although ﬁsh farmers in Gopalganj are likelyFig. 4. A conceptual framework for sustainable development of prawn farming with
institutional support.
to be receptive of prawn culture, lack of awareness may hinder
such development. Nevertheless, cooperation among community
members should help for such involvement. According to key
informants, there is considerable opportunity for participation of
community-based organizations in the expansion of prawn culture.
Active community participation and positive community aware-
ness may  help to develop prawn farming in Gopalganj. Community
participation in prawn culture would help to incorporate local
indigenous knowledge into decision-making.
6.2. Extension service
Prawn culture extension disseminates practical knowledge on
farming techniques in a systematic and participatory manner. The
Department of Fisheries (DoF) is responsible for providing exten-
sion services, and an increasing number of NGOs are also involved
in this activity. Extension workers can advise farmers through
physical visits and the demonstration of prawn culture technol-
ogy. Farmer-to-farmer extension services can also help to improve
the conceptual skills in prawn farming technique. Printed materi-
als including booklets, bulletins, leaﬂets, manuals, and posters are
useful extension materials. Mass media including internet, mobile
phone, newspapers, radio, television, and video can also be used to
disseminate prawn farming technology in Gopalganj.
6.3. Training program
Training enhances farmers’ ability and willingness, and usually
provides practical knowledge on farming skills. Regular training
programs are helpful to exchange views between farmers and train-
ers. Training on prawn culture in Gopalganj can be delivered by the
DoF with relevant NGOs. Prawn farming is a practical science, and
thus, hands-on training through demonstration and pilot projects is
likely to be the most successful way of technology transfer. Hands-
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Table  5
Pair-wise comparison matrix by AHP to assess relative importance of different institutional factors for prawn culture development in Gopalganj (numbers show rating of the
row  factor relative to the column factor).
Institutional factor (in order to rank) Community
awareness
Extension
service
Training
program
Credit support Technical
assistance
Geometric mean Weighta
Community awareness 1 2 4 3 5 2.6052 0.4051
Extension service 1/2 1 3 5 4 1.9744 0.3070
Training program 1/4 1/3 1 4 2 0.9203 0.1431
Credit  support 1/3 1/5 1/4 1 3 0.5482 0.0852
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n training would enable farmers to adopt prawn–carp polyculture
nd integrated prawn–ﬁsh–rice farming. Participatory group train-
ng is often more successful if it can be held farm-side with practical
omponents. To provide maximum beneﬁts, training programs on
rawn farming must be conducted in collaboration with key stake-
olders.
.4. Credit support
Credit is one of the policy mechanisms to facilitate prawn cul-
ure expansion (Ahmed et al., 2008). As most small and marginal
armers in Gopalganj are resource-poor, problems over ﬁnance
nd the need for credit schemes arise. Access to credit at rea-
onable interest rates would be essential if prawn culture is to
ecome accessible to small and marginal farmers. According to key
nformants, institutional credit (banks, NGOs) is essential for the
evelopment of prawn culture in Gopalganj as the interest rate
f non-institutional credit (agents, moneylenders) is often con-
iderably higher. National banks and NGOs should encourage the
evelopment of prawn farming through providing adequate credit.
he Grameen Bank—a specialized rural bank providing microcred-
ts that was awarded the Nobel Peace Prize in 2006, may  become
ctive in prawn farming.
.5. Technical assistance
Technical support is extremely needed for sustainable prawn
arming (Ahmed et al., 2010a). Technical support attempts to
elp the farmers solve speciﬁc problems. Proper technical sup-
ort to small and marginal farmers in Gopalganj would assist
rawn production as a viable economic alternative. According to
ey informants, regular technical support is a way  to improve farm
roductivity and proﬁtability. There is a need for technical assis-
ance in fry nursing, water management, reducing prawn mortality,
nd disease control. The DoF with the help of relevant NGOs may
ive particular attention for providing technical assistance to farm-
rs. Regular ﬁeld visits, monitoring of farms, and technical advice
an also be offered in response to prawn health management.
. Conclusions
The practice of prawn farming in the Bagerhat area of coastal
angladesh is vulnerable to climate change. The impacts of climate
hange on prawn culture have been to different climatic variables,
ncluding salinity, coastal ﬂooding, cyclone, sea-level rise, water
emperature, drought, and rainfall. There is overwhelming evi-
ence that different climatic variables have severe effects on the
cosystem of prawn farms as well as prawn production.
For adaptation to climate change, there are great opportunities
or translocation of prawn culture from Bagerhat to Gopalganj that
ppears less vulnerable to climate change. A wide range of factors,
ncluding favorable biophysical resources, aquaculture practices,
ccess to prawn fry, available feed, prawn marketing, and eco-
riendly farming would have positive impacts on the expansion1/3 1 0.3831 0.0596
l factors is 1.
of prawn farming to Gopalganj. Prawn–carp polyculture and inte-
grated prawn–ﬁsh–rice farming in Gopalganj would have large
potential for increasing or maintaining production as well as export
earnings in Bangladesh.
However, a number of challenges are concerned for the translo-
cation of prawn farming to Gopalganj, including inadequate supply
of prawn fry, high production cost, disease, lack of technical knowl-
edge, and low production. These challenges must be addressed for
sustainable development of prawn farming in Gopalganj. Access to
quality prawn fry would help to expand prawn farming. Hatchery-
produced prawn fry will be needed to meet the demand. Farmers
also need to increase their technical knowledge on prawn–carp
polyculture and integrated prawn–ﬁsh–rice farming. A number of
institutional factors, including community awareness, extension
service, training program, credit support, and technical assistance
would help farmers to adopt prawn production in Gopalganj.
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